We investigated selected features of lacunes in 1,086 necropsy cases. Lacunes were found in brains from patients above the age of 40 years and were most common in brains from persons in their sixties but decreased in number in brains from older persons. The most common site of lacunes was the frontal lobe white matter, followed by the pntamen, pons, parietal lobe white matter, thalamus, and caudate nucleus in descending order of frequency. By dividing the 1,086 cases into three groups according to blood pressure, we found more lacunes in the hypertensive and borderline hypertensive groups than in the normotensive group; the average number of lacunes per brain in each group was 3.61, 2.77, and 1.15, respectively. Diastolic hypertension was more closely related to the number of lacunes than was systolic hypertension. The extent of arteriolosclerosis of the medullary arteries in the frontal lobe white matter was measured and compared with the number of lacunes. There was a close correlation between lacunes and arteriolosclerosis in all age groups. (Stroke 1991^2:993-996) A lacunar infarct is an ischemic lesion frequently observed in the basal ganglia, thalamus, brain stem, and cerebral white matter of elderly patients. The development of techniques such as computed tomography and magnetic resonance imaging has made it easier to locate lacunes, resulting in more clinical studies using these methods. [1] [2] [3] [4] [5] [6] We investigated lacunes in 1,086 brains, both macroscopically and histologically, in an attempt to correlate lacunes, aging, hypertension, and arteriolosclerosis.
A lacunar infarct is an ischemic lesion frequently observed in the basal ganglia, thalamus, brain stem, and cerebral white matter of elderly patients. The development of techniques such as computed tomography and magnetic resonance imaging has made it easier to locate lacunes, resulting in more clinical studies using these methods. [1] [2] [3] [4] [5] [6] We investigated lacunes in 1,086 brains, both macroscopically and histologically, in an attempt to correlate lacunes, aging, hypertension, and arteriolosclerosis.
Subjects and Methods
We reviewed 1,086 brains that were necropsied from 1965 to 1988 and had been kept in formalin at Kurate Kyoritsu Hospital, a 300 -bed chronic-care institution with medical, geriatric, and neuropsychiatric wards. The age of the persons from whom the brains were obtained ranged from 19 to 98 years.
We classified blood pressures retrospectively from clinical records as the mean of 10 separate readings. Hypertension was defined as a systolic pressure of 160 mm Hg or a diastolic pressure of S95 mm Hg.
Normotension was a systolic pressure of ^140 mm Hg together with a diastolic pressure of ^90 mm Hg. Those cases with blood pressures between the normotensive and hypertensive ranges were defined as having borderline hypertension. 7 Some patients had histories of definite hypertension prior to admission. Others were normotensive but took antihypertensive drugs and were therefore included in the hypertensive group. By definition, 429 cases were normotensive, 252 were borderline hypertensive, and 379 were hypertensive. The remaining 26 cases were unclassifiable because of inadequate blood pressure records (Table 1) . Each brain was reexamined grossly as to atrophy of the cortex and the degree of atherosclerosis. The cerebral hemispheres were cut into coronal slices 5-10 mm thick, and the brain stem and cerebellum were cut into horizontal slices 2-4 mm thick. If necessary, thinner slices were made so as not to miss the lesions. The approximate size, shape, and location of ischemic lesions were drawn on a separate sheet in every case.
Lacunes were cavitary lesions or areas of coagulation necrosis with a diameter of 1-10 mm in the cerebral hemispheres and 1-5 mm in the brain stem and cerebellum. Microscopically, some lacunes were subacute lesions showing macrophages and reactive astrocytes. Other lacunes were old, associated with slight astrogliosis around the cavities containing a few vessels. We distinguished old hemorrhages forming cavitary spaces, dilated perivascular spaces, and cavities due to postmortem gas formation from lacunes. Small infarcts in the cortical layers were excluded because they consisted of glial scars without cavities. When we could not make a strict distinction grossly, microscopic sections were made to confirm the nature of the lesion. Deep infarcts with a diameter of >10 mm in the cerebral hemispheres or >5 mm in the brain stem and cerebellum were considered to be large infarcts.
To investigate the relation between lacunes and arteriolosclerosis of the medullary arteries, we selected 200 cases (50 patients <60, 50 patients 60-69, 50 patients 70-79, and 50 patients >79 years old). We made large coronal sections of the frontal lobe at the level of the genu of the corpus callosum. In each section the internal and external diameters of more than 10 vessels within the white matter were measured with a digital micrometer. The sclerotic rate was calculated as (1-internal diameter/external diameter) x 100, indicating the percentage wall thickness per external diameter. Arteries with an external diameter of 50-99 /j.m were selected as representative of the medullary arteries. We calculated the average sclerotic rate 8 (arteriolosclerotic score) for each case, and in every age group we correlated the number of lacunes with the arteriolosclerotic score by simple regression analysis. 
Results
Of the 1,086 cases, 532 (49%) had one or more lacunes. One lacune was observed in 148 cases, two in 87, three in 59, four in 44, five in 34, 6-9 in 82,10-19 in 71, and >19 in seven. Two brains exhibited 24 lacunes, the maximum number. Among all 1,086 cases we observed 2,567 lacunes, and on average there were 2.36 lacunes in each brain.
The most frequent site of lacunes was the frontal lobe white matter, with 893 lacunes, followed by the putamen, pons, parietal lobe white matter, thalamus, and caudate nucleus ( Table 2 ). Some lacunes involved two regions, for example, the putamen and internal capsule. The site of these lacunes was classified according to the region of greater involvement. Lacunes were not seen in the midbrain or medulla oblongata.
Lacunes were noted in four patients (8.9%) in their forties, 26 patients (33.3%) in their fifties, 117 patients (51.8%) in their sixties, 230 patients (56.8%) in their seventies, and 155 patients (51.7%) ^80 years old. Lacunes were found in 149 patients (34.7%) in the normotensive group, 129 (51.2%) in the borderline hypertensive group, and 250 (66.0%) in the hypertensive group. Table 3 shows the average number of lacunes per brain for each age group and blood pressure group. The average was highest for patients in their sixties. The hypertensive group had approximately three times as many lacunes as the normotensive group. Hypertensive and borderline hypertensive patients had peak incidences of lacunes in their sixties (4.80 and 4.13 lacunes/brain, respectively) while normotensive patients had peak incidences in their seventies (1.60 lacunes/brain).
We divided the hypertensive and borderline hypertensive patients into three subgroups according to whether their systolic, diastolic, or both blood pressures were elevated. As shown in Table 4 , there was a significant difference in the average number of There was a close relation between the degree of arteriolosclerosis of the medullary arteries and the number of lacunes in all age groups (Figure 1 ). We also examined the correlation between atherosclerosis of the basal arteries and lacunes. 9 A correlation was noted only in patients younger than 70 years old (data not shown).
Discussion
Lacunes are the most common cerebral vascular lesion in the elderly and are considered to be related to age and hypertension. [10] [11] [12] [13] In this study, more than half of the patients over 60 years old had one or more lacunes. Although the average number of lacunes per brain increased with age until the sixth decade, thereafter it decreased. The reason for this is not known, but those patients with many lacunes tended to have other hypertensive cardiovascular complications that caused renal failure or heart failure; these other complications may have contributed to the increased number of lacunes. In addition, these patients were often confined to bed and suffered aspiration pneumonia and urinary tract infections, which shortened their lives.
In our study the most common site of lacunes was the frontal lobe white matter, whereas in previous studies 314 - 15 lacunes were observed mainly in the basal ganglia, internal capsule, thalamus, and pons. This discrepancy may be due to the fact that our hospital is a chronic-care institution with geriatric and neuropsychiatric wards; thus it differs from most neurological institutes or departments in that the majority of our patients had chronic diseases, often complicated with neuropsychiatric symptoms. Some patients with many lacunes showed clinical features of vascular dementia, such as a lack of initiative, a small-step gait, dysarthria, dysphagia, and urinary incontinence, but without senile plaques and neurofibrillary tangles. These patients had diffuse ischemic white matter lesions as well, which is probably a more important factor in causing dementia. 16 Fisher 14 reported that 111 of 114 patients with lacunes had hypertension and concluded that hypertension was directly related to lacunar infarcts. However, his classification of hypertension was unclear and the information on blood pressure seemed to be obtained from clinical diagnoses and heart weights. Cole et al 17 compared cerebrovascular lesions between 100 normotensive and 100 hypertensive persons and noted more lacunes in the latter group. Tuszynski et al 15 reported that 107 of 167 patients with lacunar infarcts had hypertension. That study was done by reviewing autopsy protocols, and those authors did not reexamine all the individual brains. We reviewed the pathological findings on 1,086 brains, and blood pressure data were obtained from clinical records. Using the criteria of the World Health Organization, 7 we showed that hypertensive and borderline hypertensive patients had more lacunes than normotensive patients and that diastolic hypertension was more closely related to the number of lacunes than was systolic hypertension.
Fisher 18 investigated the lesions in arteries supplying lacunes within the basal ganglia and pontine regions by the use of serial sections. The most common vascular changes were hypertensive "segmental arterial disorganization," which corresponded to fibrinoid necrosis or angionecrosis. Later, Fisher 19 examined vascular changes of lacunes involving the internal capsule. He postulated that embolism was another mechanism involved in lacunar infarction, a possibility also suggested by others. We found that about half of the lacunes were located in the cerebral white matter, with three quarters of them in the frontal lobe. These areas are perfused by long medullary arteries originating from cortical branches of the anterior, middle, and poste-rior cerebral arteries. Although large sections of the frontal, parietal, temporal, and occipital lobes were examined in patients with multiple lacunes, we rarely observed total occlusion of vessels or arterial lesions, such as angionecrosis and lipohyalinosis, within the white matter. Instead, the striking change in the medullary arteries was fibrohyaline thickening of the wall with narrowing of the lumen. Akima et al 20 described this vascular change as thickening of the adventitial sheath and reported softening around these vessels. Furuta et al 8 found that the degree of arteriolosclerosis was higher in the frontal and parietal lobes than in the occipital and temporal lobes. In our study, the frequency of lacunes in each lobe was proportional to the degree of arteriolosclerosis. We also found that arteriolosclerosis of the medullary arteries was related to the number of lacunes.
Considering that many lacunes were located in terminal zones of the medullary arteries, we speculate that autoregulatory failure of cerebral blood flow due to long-standing hypertension, cardiac circulatory failure, inadequate use of antihypertensive drugs or drugs causing hypotension as a side effect, and hyperviscosity of the blood due to dehydration may also be factors in causing lacunes.
